Objectives: To compare partial ossicular replacement (POR) with type II tympanoplasty (T2) with regard to the postoperative hearing outcomes in patients with congenital aural atresia. Study Design: A retrospective review of medical records. Setting: Tertiary referral center. Patients: Thirty-four ears undergoing POR were compared with matched 34 ears by age at operation, grade of microtia, and the Jahrsdoerfer grading scale score that underwent T2. Methods: The medical records of the patients that underwent surgery for congenital aural atresia were reviewed. Main Outcome Measures: The preoperative and postoperative air-conduction threshold, air-bone gap, and air-bone gap closure were compared between the 2 groups. Results: Thirty-four ears in each group were compared. PORs were performed in cases of a incudostapedial joint problem, ossicular anomaly, or ossicular fixation. The preoperative and 6-month postoperative mean air-conduction thresholds and airbone gaps were not significantly different in the comparisons between the 2 groups. The mean values for the postoperative air-bone gap closure were not significantly different in the 2 groups. The hearing results 3 years after surgery were available in 13 patients in each group. In these patients, the mean values of the preoperative and the 3-year postoperative air-conduction threshold and air-bone gap were not statistically different in the 2 groups. However, the mean air-bone gap closure in the POR group was 28.6 T 10.2 dB hearing level compared with 19.0 T 12.9 dB hearing loss in the T2 group, which was statistically significant ( p = 0.034). Conclusion: POR can be a good surgical option in cases of a poor incudostapedial joint connection, ossicular anomaly, or ossicular fixation.
Congenital aural atresia (CAA) is a birth defect that occurs in 1 of 10,000 to 20,000 births and is characterized by an aplastic or hypoplastic external auditory meatus, microtia, and anomalous middle ear anatomy. The external, middle, and inner ear develops from different origins. The external auditory canal arises from the first branchial cleft, the middle ear cavity from the first pharyngeal pouch, and the inner ear from the otic cyst.
Although each compartment of the ear develops independently, combined anomalies are more common than isolated deformities (1) .
Surgery for CAA aims to achieve serviceable hearing and provide a new external auditory canal. From the time of Kiesselbach_s first report of surgery for CAA in 1883 (2), operative techniques have evolved. However, the surgery for CAA remains a difficult procedure. The lack of landmarks, anomalous facial nerves, and middle ear anatomy as well as the limited space for middle ear reconstruction, make it difficult for surgeons to reconstruct the external auditory canal and sound conduction system (2) .
It is difficult to achieve a good hearing result with CAA surgery. This is due to various conditions of the middle ear cavity. In cases of a hypoplastic tympanum, there is no space for the ossicles to move. In addition, the status of the ossicles might also be problematic. The incus and malleus are usually fused and form the malleoincudal complex. The handle of the malleus is occasionally short or absent, and the long process of the incus is sometimes normal but often short. In some cases, the malleoincudal complex is very hypoplastic. The status of the stapes varies from normal and mobile to tilted or fixed. The suprastructure of the stapes is occasionally absent. Therefore, surgeons must determine how to reconstruct the sound conduction system according to the ossicular anomalies on a case-by-case basis. If the incudostapedial joint is discontinuous or the suprastructure of the stapes is absent, ossiculoplasty should be performed. However, in cases of a continuous incudostapedial joint, it is difficult to determine whether to leave the natural ossicular chain per se or to reconstruct it, especially when the status of the incudostapedial joint is not clearly demonstrated. Surgeons must judge which method is better, the partial ossicular replacement (POR) or the type II tympanoplasty (T2).
Some investigators have analyzed the audiometric results of ossiculoplasty in patients with CAA (1,3). However, there has been no study comparing the hearing outcomes between POR and T2 in properly matched groups. Hence, we report the results of our study comparing POR and T2 with regard to the postoperative hearing outcomes in a series of patients with CAA who were matched according to several factors affecting the outcome.
MATERIALS AND METHODS
A retrospective review of the medical records of 312 patients (360 ears) who had undergone CAA surgery at Seoul National University Children_s Hospital from 1989 through 2007 was undertaken. The authors divided these cases into 3 groups according to the types of ossicular reconstructive surgery: the T2 group, the POR group, and others. T2 was defined as a tympanoplasty with the natural ossicular chain. The grafting materials for the tympanic membrane were placed laterally to the ossicular mass connected to the stapes. Therefore, we used the natural ossicular chain per se in the T2 group. POR refers to an ossiculoplasty where the ossiculoplastic materials such as autologous ossicles, hydroxyapatite, and so on were placed between the stapes suprastructure and the new tympanic membrane. The group defined as others included total ossicular replacement, stapedotomy, or other ossiculoplastic procedures. The patients were classified according to their last operation. If a patient underwent T2 in the first operation and POR in the second operation, the one was classified as POR. T2s were performed in 189 ears (52.5%), and 79 ears (21.9%) underwent POR. Ninety-two ears (25.6%) were classified as others. The details of the procedure used in the present study have been described in the author_s previous report that involved an anteriorly and inferiorly based periosteal flap and a split thickness skin graft to cover the newly formed external auditory canal (4) .
The hearing result of the patients undergoing POR were compared with those of the same number of patients that underwent T2 and were matched by age at the time of the operation, grade of microtia, and the Jahrsdoerfer grading scale score. The Jahrsdoerfer grading scale score is widely used for the preoperative prediction of surgical outcomes in patients with CAA (5,6). Our previous study revealed that the patients_ age at the time of the operation and the severity of microtia, according to Marx_s classification, were factors affecting the postoperative hearing results in patients with CAA (7). Therefore, these 3 factors were adopted for matching of the 2 groups. As a result, 34 matched ears were selected from each group.
The results of audiometric test before surgery, at 6 months after the last operation for the short-term postoperative results, and at 3 years for the long-term results were collected for the analysis. Air conduction (AC) and bone conduction (BC) 4-tone pure tone averages (PTAs) (500, 1,000, 2,000, and 3,000 Hz) were obtained preoperatively and postoperatively. The air-bone gap (ABG) was calculated by subtracting the BC-PTA from the AC-PTA on each test result.
Statistical analyses for the comparison of the demographic data and hearing results were performed using the Student_s t-test for normally distributed data and the Mann-Whitney U test for skewed data. All of the tests were 2-tailed, and the criterion for statistical significance was set at p e 0.05.
RESULTS
Sixty-eight ears (34 ears from both groups) were included in this study. The mean age was 7.9 T 3.5 years (range, 4Y16 years) in the POR group and 7.9 T 3.6 (range, 4Y16 years) in the T2 group. The male-to-female ratios were 26:8 in the POR group and 25:9 in the T2 group. Distributions for the Jahrsdoerfer grading scale score and Marx_s dysplasia classification for microtia in each group were the same because of the precise matching (Table 1) . In addition, the number of operations was not significantly different for the 2 groups. If the patients were not followed up in our hospital, telephone interviews were tried, and we confirmed that there was no patients who had underwent more operation in other hospital.
Among the 34 ears in the POR group, the most common indication for ossiculoplasty was incudostapedial joint problems such as a separated joint or a joint connected only by a fibrous band, followed by ossicular anomalies with the exception of incudostapedial joint and severe ossicular fixation. In most cases (31 ears [91%]), autologous or homologous ossicles were used for the POR. A hydroxyapatite prosthesis was used in 2 ears (5.9%) and a piece of tragal cartilage in 1 ear (2.9%).
Short-Term Hearing Results
Short-term hearing results were evaluated in both groups at 6 months after the last operation. The comparisons of the preoperative AC and ABG using the Student_s t test revealed no statistically significant difference between the POR and the T2 groups (Table 2 ). In the POR group, at 6 months after surgery, the AC was 35.5 T 13.2 dB hearing level (HL), and the ABG was 28.6 T 10.2 dB HL. At 6 months after surgery, the mean ABG closure, the difference between the preoperative and 6-month postoperative ABG, was 24.1 T 12.4 dB HL in the POR group. For the T2 group, the 6-month postoperative AC, ABG, and ABG closure were 38.6 T 15.1, 29.8 T 10.1, and 19.0 T 12.9 dB HL, respectively. The short-term postoperative results were not significantly different between the 2 groups ( Table 2) .
Long-Term Hearing Results
Thirteen matched ears, in each group, had 3-year postoperative audiometric data available. If a patient in the POR group was followed up less than 3 years, the matched patient in the T2 group was excluded, and vice versa. Therefore, comparisons of the long-term hearing results were performed among these 26 ears. The preoperative AC and ABG were not statistically different in the 2 groups ( Table 3 ). All of the patients in both groups had hearing improvement postoperatively (Fig. 1) . At 3 years after surgery, the mean AC in the POR (30.5 T 15.3) group was better than that in the T2 (44.9 T 23.5) group, and the mean ABG in the POR (24.9 T 11.9) group was better than that in the T2 (32.9 T 11.3) group. However, these differences were not statistically significant. With regard to ABG closure, the POR group had better results than the T2 group (mean ABG closure: POR 30.8 T 14.8, T2: 21.2 T 10.0), and this difference was statistically significant ( p = 0.034, the Mann-Whitney U test) ( Table 3) .
DISCUSSION
CAA surgery is one of the most challenging procedures for otologists. Despite the advances in surgical techniques, diagnostic imaging tools that help with the preoperative evaluation, and choice of surgical instruments, the surgical outcomes in patients with CAA remain unsatisfactory.
The status of the incudostapedial joint is an important factor affecting the surgical outcomes. If the incudostapedial joint is separated or fixed, the malleoincudal (MI) complex should be extracted, and an ossicular reconstruction procedure should be performed for the restoration of sound conduction. However, when the conduction of the sound pressure of the joint is questionable, despite a normally connected incudostapedial joint and mobile stapes, it is difficult to decide whether to use the natural ossicular chain per se.
In the present study, we compared the T2 group with the POR group. The 2 groups were matched according to the Jahrsdoerfer grading scale score, age at operation, and Marx_s dysplasia classification. The Jahrsdoerfer grading scale score, proposed in 1992 (5), is a helpful system not only for the evaluation of surgical candidates but also for the prediction of postoperative surgical outcomes based on computed tomographic imaging (6, 8) . Nonetheless, the Jahrsdoerfer grading scale score does not reflect the status of the incudostapedial joint. Furthermore, our previous study showed that Marx_s dysplasia classification of microtia was an important factor for the hearing outcome in cases of type II or III microtia; these patients had a poor long-term hearing outcome compared with the cases of no microtia or only type I microtia (7) . By matching these factors, the anatomical conditions of both the POR and T2 groups could be evaluated preoperatively by temporal bone computed tomography and physical examination and properly matched. Hence, we could assess the nonbiased difference in the hearing outcomes between the POR and T2 groups. The short-term results showed no statistically significant differences between the 2 groups. However, the long-term outcomes for the POR group were better than those for the T2 group. It was not clear why the hearing outcome of the T2 group was not better than that of the POR group, although the natural ossicular chain was used. One possible explanation is that the angle between the suprastructure of the stapes and the long process of the incus in patients with CAA is blunter than the angle formed by the normal ossicles. In a normal ear, the stapes and the long process of the incus make a right angle. However, in patients with CAA, the angle is more than 90 degrees because the suprastructure of the stapes tilts toward the facial nerve (Fig. 1) . As a result, the sound pressure may be conducted less effectively in patients with CAA even when the natural ossicular chain is used. Another possibility is that postoperative ossicular fixation may occur more easily with T2 than POR. The distance from the MI complex to the annulus is shorter in T2 than in POR. In other words, the MI complex may be located more peripherally, and the ossiculoplastic material in POR may be located more centrally. Therefore, the fibrous band that inhibits the mobility of the MI complex might be formed more easily with T2. A third possible reason is insufficient evaluation of the status of the incudostapedial joint. The incudostapedial joints in cases undergoing POR were completely separated, and new ossiculoplastic material stapes joints were provided, whereas in the T2 group, the natural incudostapedial joints per se were used. Consequently, incompletely connected joints that seemed to be normal when evaluated during the operation might have been present in the T2 group. In fact, 1 patient in the POR group underwent a T2 initially because the incudostapedial joint seemed to be normal at the first operation; however, a POR revision was performed, and the hearing improved.
Some investigators have reported milestones such as excellent hearing results after ossiculoplasty compared with T2. One group has examined the differences in the postoperative hearing results between ossiculoplasty and T2 in 20 patients matched by the Jahrsdoerfer grading scale score and the age at the time of the operation (3). They have indicated that T2 was superior to ossiculoplasty from the standpoint of hearing outcomes; the mean ABG closure was 13.7 dB HL in the ossiculoplasty group, and it was 30.8 dB HL in the T2 group. However, there are several drawbacks in their analysis. The timing of long-term hearing results evaluation varied from 12 to 137 months. The difference in follow-up duration is of critical importance in evaluating hearing outcomes after CAA surgery. Although they matched the T2 and ossiculoplasty initially, their comparisons of the long-term results were performed in unmatched patients. They compared 13 cases that had ossiculoplasty with 9 cases that underwent a T2 for their long-term assessment. Therefore, the groups were not matched. Furthermore, they included not only POR but also total ossicular replacement in the ossiculoplasty group, whereas we included only POR in this study. Therefore, one cannot conclude that T2 was superior to POR in their study. In another study, Digoy and Cueva (1) have reported a review of the hearing results after CAA surgery. The average ABG closure was 20 dB HL in 21 patients in the ossiculoplasty group and 24 dB HL in 16 patients in the T2 group. The differences determined in their study were not statistically significant. In addition, 8 patients in the ossiculoplasty group and 5 patients in the T2 group had long-term hearing data available. The long-term ABG closure was 12 dB HL in the ossiculoplasty group and 21 dB HL in the T2 group. However, they did not perform statistical analysis for their long-term results but concluded that the long-term results for both groups were similar. Furthermore, their study was not a matched study; the ossiculoplasty group included total ossicular replacement as well as POR.
In our series, the POR group was found to have better long-term ABG closure than the T2 group; these differences were statistically significant. Furthermore, the mean AC and ABG outcomes in the POR group were better than those in the T2 group, although these differences were not statistically significant. However, despite the better mean values of the AC, ABG, and ABG closure in the POR group, we cannot conclude that POR is always better than T2. Even if the incudostapedial joint is not completely normal, POR is not always indicated. There are some cases where a POR cannot be performed because the stapes capitulum is too close to the facial nerve. In these situations, T2 is preferred to POR.
The number of matched-pairs with long-term hearing result was small, and this is a limitation of our study. A comparison in a larger number of pairs with long-term follow-up may be required. Also, further studies are needed to elucidate why T2, which uses natural ossicular chain, revealed inferior results to POR, which manipulates ossicular chains.
CONCLUSION
POR is a good surgical option in cases of a poor incudostapedial joint connection, anomalous ossicles, or
